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MOSFET 器件沟道的首选替代材料。经过十余年研发，当前 Ge p-MOSFET 的性
能已经取得实质性的进展，但相应 Ge n-MOSFET 性能仍未取得突破，除了高 k
介质与 Ge 接触产生大量界面态外，还有以下两个原因：首先金属/n-Ge 结界面
强烈的费米能级钉扎效应和较高的接触势垒引入较大的器件串联电阻；其次 Ge
中 n 型杂质扩散严重，激活浓度低，不利于形成 n+p 浅结。因此，调制金属/Ge
势垒高度，缓解费米能级钉扎效应，减小 n 型掺杂的扩散深度及提高 n 型掺杂离
子的激活浓度对提高 Ge MOSFET 器件性能具有重要的意义。 
本论文主要工作和取得主要成果如下： 
1、变组分氮化钨（WNx）/Ge 肖特基结势垒高度调制研究。利用反应溅射
方法，通过改变 Ar 气和 N2 气流量比制备出不同组分的 WNx，并研究变组分的
WNx 为电极调制 Ge 接触势垒高度的方法和机理。结果显示，当薄膜电极中氮（N）
组分不断增加，WNx/n-Ge 肖特基结的势垒高度呈现降低的趋势，WNx/p-Ge 肖特
基结的势垒高度则随之变大。当 N 原子组分达到 37%时，WNx/n-Ge 实现欧姆接
触。这一接触结势垒高度的调制机理可以用界面偶极子模型理论来解释：由于
WNx 中的 N 原子与 Ge 电负性相差较大，WNx/Ge 接触界面处形成的 N-Ge 键可
视为由氮化物指向 Ge 表面的电偶极子层。这些偶极子通过附加电场改变了 Ge
表面能带弯曲，从而改变了势垒高度。 
2、镍（Ni）诱导磷（P）掺杂杂质低温激活制备 Ge n+p 结。在 350~400 ℃
低温退火条件下，利用金属 Ni 作诱导，实现了注入 P 杂质的低温激活，所制备
的 Ge n+p 结整流比达到 5.6×104，在-1V 偏压下电流密度达到 387.6 A/cm2。而且，
相比常规高温激活样品，退火后杂质分布具有较浅的结深。我们还测得，退火所
形成的 NiGe 与 n+-Ge 衬底的比接触电阻率为 7.1×10-5 Ωcm2。 
3、设计了一种 Ge 横向 PIN 结光电探测器及其制备工艺流程。该器件利用
侧向离子注入工艺及 NiGe 自对准电极结构，实现了响应度和带宽的优化。模拟
结果显示当器件 Ge 本征层厚度在 0.6 μm 时，带宽可以达到 45 GHz。实验上研














究 Ni 膜的 45o 沉积工艺， 在刻蚀 Ge 平台侧壁得到均匀性良好的 Ni 层，有助于
后续探测器的制备。 











































Germanium (Ge) is considered as one of the promising candidates due to its higher 
carrier mobilities than Si, large optical absorption coefficient at the wavelength for 
optical communication and the compatibility with current manufacturing facilities for 
electronic and photonic device applications. Although high performance p-type Ge 
channel metal–oxide–semiconductor field-effect transistor (MOSFET) has been 
demonstrated, n-type Ge channel MOSFET still suffers from two serious challenges: 
(1) strong Fermi-level pinning effect (FLP) on Ge results in a high effective electron 
Schottky barrier height (SBH) and high series contact resistivity when metals contact 
with n-Ge; (2) fast diffusion and low electrical activation of donor impurities in n-Ge  
hinder fabricating low resistivity, shallow n+p junctions. Therefore, the research on 
alleviation of the FLP, reduction of the diffusion of n-type dopant and enhancement of 
the electrical activation of the donor impurity become a critical issue in fabrication of 
Ge devices. 
The main work is summarized as followed: 
1. Modulation of tungsten nitride (WNx)/Ge Schottky barrier height by varying N 
composition of tungsten nitride. Compositional tungsten nitride films with various N 
composition were deposited on Ge substrates by reactive sputtering. We demonstrated 
the modulation of the SBHs in WNx/Ge Schottky junction. It is found that SBHs 
gradually decreased with the increasing of the N content in WNx/n-Ge while SBHs 
gradually increased with the increasing of the N content in WNx/p-Ge. As the N 
content reached 37%, the WNx/n-Ge eventually shows ohmic property. The 
mechanism of the modulation of SBH in the metal nitrides/Ge Schottky junction can 
be explained by the dipoles layer model: N-Ge bonds can be dealt as interfacial 
dipoles with the direction from the nitride side to the Ge side because of the 
difference in the pauling electronegativities of Ge and N , which means that the N-Ge 
bond is not pure covalent but partially ionic. As a result, the N-Ge dipoles largely 














the SBH of WNx/Ge. 
2. Fabrication and characterization of high performance n+p junction diodes 
using nickel induced phosphorus (P) dopant activation at low temperature. The Ge n+p 
junction diodes using nickel induced P dopant activation at 400 ℃ annealing exhibits 
high forward currents of 387.6 A/cm2 at -1V, and a rectifying ratio of 5.6×104. 
Compared with traditional high temperature annealing, the Ge n+p junction fabricated 
by nickel induced P dopant activation has a shallower junction depth. The specific 
contact resistivity of the NiGe/n+-Ge contact is extracted to be 7.1×10-5 Ωcm2 by 
circular transmission line method. 
3. We design a new type Ge photodetector with lateral PIN junction. The 
responsivity and 3dB bandwidth are optimized by tilted ion implantation and NiGe 
self-aligned electrode structure. The 3dB bandwidth can reach 45 GHz when the Ge 
intrinsic zone is narrowed to 0.6 μm. We achieved lithography of 1~2 μm lines by 
laser direct writing. And Ni film was deposited on the side-wall of the activation area 
plateau with good thickness uniformity by tilted electron beam evaporation. The 
above results can be applied to the fabrication of novel Ge photodetectors. 
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 半导体 Ge 材料结技术及 Ge 横向 PIN 结光电探测器设计 
 1
第一章 绪 论 
1.1 微电子技术与 Ge MOSFET 器件 






导体材料。传统 Si MOSFET 器件的小型化一直遵循着摩尔定律发展，即每二至
三年，器件的特征尺寸缩小为原来的 0.7 倍，集成度增加至四倍。依据国际半导
体技术蓝图（ITRS）的预测，随着 Si 材料器件特征尺寸的不断缩小，尤其进入






超过相同尺寸应变硅器件，但 Ge n-MOSFET 性能却仍未取得实质性突破。阻碍
Ge n-MOSFET 性能提高有两个主要原因[1]：1、金属/n-Ge 接触形成大的势垒高
度，引入大的接触电阻。2、Ge 中 n 型杂质扩散严重，激活率低。因此，调制金
属/Ge 势垒高度、缓解费米钉扎效应、减小 n 型掺杂的扩散深度及提高 n 型掺杂
离子的激活浓度对提高 Ge 器件性能具有非常重要的意义。 
 
1.2 金属/n-Ge 接触的研究进展 

















使得 Ge n-MOSFET 器件性能变差。 







                    )()( sCNLCNLmBn S χ−Φ+Φ−Φ=Φ                （1-1） 
其中 nBΦ 为金属/半导体接触的电子势垒高度， mΦ 为金属功函数，S为费米钉扎
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